Abstract-The voltage and current double closed-loop control strategy is usually used in three-phase voltage-source PWM rectifier control. However the nonlinear characteristic of the voltage equation gives more trouble to design this control strategy. A comparative study of two kinds of linear instantaneous power control strategies for PWM rectifier is presented, who are that only using a linear PI regulator and that using a PI regulator with load power feed-forward. It is pointed out that the system response can greatly be faster by using the load power feed-forward contro1. On this basis, according to the nonlinear characteristic of voltage equation, the control strategy based on load power feed-forward control is modified, which not only inherits the advantages of the fast response of the control strategy, but also realizes the linear control of the output voltage. MATLAB simulation and experimental results indicate the validity of the control strategy.
INTRODUCTION
With the development of power electronic technology, the three phase voltage-source PWM rectifier is widely used. The voltage and current dual closed-loops control and space vector modulation are usually used for the three-phase voltage-source PWM rectifier. Linear PI control is usually used for voltage loop [1] , and decoupling control is used in current loop [2, 3] . However, because of the nonlinear characteristic of the balance equation of output voltage, linear PI control can not solve this nonlinear problem apparently. Meanwhile, the system performance will become worse and even become unbalance anymore with the linear PI control. A nonlinear control strategy based on linear state-feedback is proposed in [1] , however, its algorithm is complicated and it is sensible to the parameters' variation.
On the other hand, because of the nonlinear characteristic of the balance equation of output voltage, the system analysis is difficult. Therefore, the instantaneous power model is established in this paper. Two kinds of linear control strategy are researched comparatively, which proves the linear relation between the voltage error and the output power with linear control strategy. After its modification, the advantage of control strategy based on load power feed-forward is reserved; the linear control of output voltage is realized while the response rapidity of current is faster than output voltage. It is visible that this strategy is not only an instantaneous power control but also a nonlinear control of output voltage. Simulation and experimental results indicate its validity.
II. MATH MODEL OF PWM RECTIFIER

A. Selecting a Template
The topology of three-phase voltage source PWM rectifier is shown in Figure1. IGBT and diode are anti-paralleled in the main circuit, s L is filter and energy-regulation inductance, and s R is system equivalent resistance. (2) and (3), we obtain
B. Model of DC-Side Capacitor Power
The DC-side capacitor is used to balance the output voltage and eliminate the voltage harmonics. Capacitor power C P is the error between input power in P and load
. Based on the physical characteristic of capacitor, we get 
IV. INSTANTANEOUS POWER CONTROL STRATEGY
A. Linear Control Strategy
Based on analysis above, closed-loop structure of instantaneous power control is shown in Fig.2  According to the linear relation between voltage error and load power, compared with case 1, load power feed-forward control is applied in case 2. The bode map of (10) and (11) are shown in Figure 3 . 
FIGURE III. BODE MAPS OF TRANSFER FUNCTION OF CASES
B. Nonlinear Control Strategy
The system uses double closed loops control, assuming the response rapid of current inside-loop is greatly faster than voltage outside-loop, so the time constant of current loop is neglected when discussing the control of voltage loop. Then Apparently, the control of voltage is nonlinear, so although the system response rapid is accelerated by using case 2, it doesn't change the nonlinear characteristic of output voltage. If we give linearization to it, the system will be steady, but system will be affected by nonlinear characteristic. But if we define
Therefore, the closed-loop transfer function of output voltage is obtained as:
From (12), the system is second-order system. We define it as case 3. assuming output voltage is unchanged under small signal model condition, according to case 3, the transfer function between ) (s e dc and ) (s P L is expressed as following: 
proportion and integral parameters of current regulator are 
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Figure 5 shows the waveform of output voltage using case 1, 2 and 3. Case 2 and 3 have smaller over-load and faster response rapid. When rectifier works as a rectifier, case 3 and 2 have the same performance. When rectifier works as an inverter, case 3 is better than case 2. The result shows that case 3 is a nonlinear control of output voltage essentially and it has a wider working range than case 2. Figure 6 shows the experimental waveforms of output voltage of different cases. Experimental parameters are the same as simulation parameters. When rectifier works as a rectifier with no load, we add load suddenly, the output power is 5KW. This paper analyzed the control strategy of PWM rectifier in the prospective of power flow. Two kinds of linear control method were compared. It was illustrated that control strategy based on load power feed-forward control has a faster response rapid. There is a linear relation between voltage error and power; however the control of output voltage is nonlinear. Then the control strategy based on load power feed-forward control was modified, which inherits the advantages of the control strategy and realized the linearization of output voltage contro1．The simulation and experimental results indicated the validity of the control strategy．
